Evaluation of Nasal Airflow and Resistance: Computational Modeling for Experimental Measurements.
When evaluating nasal obstruction, conventional measurements of nasal patency do not necessarily correspond to a patient's subjective symptoms. The aim of this research is to seek an objective evaluation method by establishing computational modeling for nasal patency measurements. We created a computer-generated geometrical model of the nasal cavity from computed-tomography scans of an adult male, presented a computational modeling method for evaluating the nasal patency in the deep-breathing state, and simulated numerically the airflow within the nasal cavity in the natural- and deep-breathing states. During inhalation in the natural-breathing state, the airflow was higher in the center of the nasal cavity and lower in the upper and lower portions, with the airflow characteristics being associated with the nasal functions. In the deep-breathing state, the computed nasal patency was compared with that measured experimentally by rhinomanometry. The quantitative accordance between computation and experiment was unsatisfactory, but the qualitative tendencies were similar. Through natural- and deep-breathing computations, the roles and functions of the olfactory region, nasal valve, and middle and inferior meatuses were evaluated from the flow patterns and pressure, with correlation to the nasal resistance and physiology. Above all, from the deep-breathing computation using the present computational modeling, it was deduced that the pressure difference is essential for determining the nasal sites at which the nasal resistance was produced. Thus, numerical simulation with computational modeling is potentially an objective method for evaluating nasal obstruction.